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(time domain boundary integral equation method)[l]











BIEM 3 $D$ $S$
$t$
$u$
$\mu\Delta u+(\lambda+\mu)\nabla\nabla\cdot$ u=\rho \"u in $D\backslash S\mathrm{x}(t>0)$ (1)
Tu $=t$ on $\partial D\mathrm{x}(t>0)$ , $u|_{t=0}=\dot{u}|_{t=0}=0$ in $D$










$\frac{1}{2}u(x,t)$ $=$ $\int_{\partial D}\Gamma(oe,y,t)*\mathrm{T}u(y,t)dS-\mathrm{v}.\mathrm{p}$ . $\int_{\partial D}\Gamma_{I}(oe,y,t)*u(y,t)dS$
$\dotplus$ $\int_{S}\Gamma_{I}(oe,y,t)*\varphi(y,t)dS,$ $oe\in\partial D$ , (2)
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$\partial D$ $\partial D$
$+$ $\mathrm{p}\mathrm{f}\ovalbox{\tt\small REJECT} \mathrm{T}\mathrm{r}_{I}(x, y, t)*\varphi(y, t)dSxarrow S$
$s$
(3)
$\Gamma(x, y, t),$ $\Gamma_{I}(x, y,t)$ $‘*$ ’




$\sum_{q}A_{\dot{l}j}^{\mathrm{p}q}(\Delta t)\{\begin{array}{ll}u_{j}(\oe^{q} n\Delta t)-\varphi_{j}(\oe^{q} n\Delta t)\end{array}\}+ \{\begin{array}{ll}\frac{1}{2}u\text{ ^{}p} n\Delta t)\mathit{0} \end{array}\}$
$=$ $b_{:}(oe^{p},n \Delta t)-\sum_{q}\sum_{\ell=1}^{n-1}A_{ij}^{pq}((n+1-\ell)\Delta t)\{\begin{array}{ll}u_{j}(x^{q} \ell\Delta t)-\varphi_{j}(x^{q},\ell\Delta t) \end{array}\}$ (4)
$x^{p}\in\partial D$
$4_{j}^{pq}.( \ell\Delta t)=\int_{\partial D+S}\int\Gamma_{I}|.j(\mathrm{a}\mathrm{e}^{p},y,\tau)M^{\ell}(\tau)N^{q}(y)d\tau dS_{y}$
$b_{:}(x^{p}, n \Delta t)=\sum_{q\ell}\sum_{=1}^{n}(\mathrm{T}u)j(oe^{q},\ell\Delta t)\int_{\partial D}\int\Gamma_{1j}.(x^{p},y, \tau)M^{n+1-\ell}(\tau)N^{q}(y)d\tau dS_{y}$
$x^{p}\in S$
$A_{1j}^{N}.( \ell\Delta t)=\int_{\partial D+S}\int(\mathrm{T}\mathrm{r}_{I})_{\dot{*}j}(oe^{p}, y, \tau)M^{\ell}(\tau)N^{q}(y)d\tau dS_{y}$
$b_{:}(oe^{p},n \Delta t)=\sum_{q\ell}\sum_{=1}^{n}(\mathrm{T}u)j(x^{q},\ell\Delta t)\int_{\partial D}\int(\mathrm{T}\Gamma)|.j(x^{p},y, \tau)M^{n+1-\ell}(\tau)N^{q}(y)d\tau dS_{y}$
(4) $n\Delta t$ $u_{*}.(x^{p}, n\Delta t),$ $\phi_{:}(x^{p}, n\Delta t)$ $\Delta t$
$n\Delta t$ $A_{1j}^{pq}.(\ell\Delta t)(\ell=1, \cdots n)$ BIEM
$t=n\Delta t(n=1, \cdots, N_{t})$ $n\Delta t$
$A_{ij}^{pq}(n\Delta t)$ 1 $n-1$








$u_{i}(x^{p}, n\Delta t),$ $\varphi_{i}(x^{q}, n\Delta t),$ $(n>N_{m})$ $t=n\Delta t(n=$
$N_{m}+1,$ $\cdots,$ $Nt)$ $A_{ij}^{pq}((N_{m}+1)\Delta t),$ $\cdots,$ $A_{ij}^{pq}(n\Delta t)$




( ) BIEM 2
A
$\varphi_{j}(x^{q}, \ell\Delta t)$




$t=n\Delta t$ $A_{\dot{\iota}j}^{pq}(n\Delta t)$ $\ell\Delta t,$ $(\ell=n, \cdots,Nt)$
$uj(x^{q}, (\ell+1-n)\Delta t)_{\text{ }}\varphi j(oe^{q}, (\ell+1-n)\Delta t)$ ( $\varphi j$
) .
$\mathrm{I}$ $t=n\Delta t$ 1 $\varphi j(x^{q},\ell\Delta t),$ $(\ell=1, \cdots,n-1)$
$t=n\Delta t$
$A_{1j}^{pq}.(n\Delta t)\varphi_{j}(oe^{q}, \ell\Delta t),$ $( \ell=1, \cdots, \min(n-1, N_{\mathrm{t}}+1-n))$ $t=n\Delta t$
$1^{\mathrm{a}}$
91
$(\ell+n-1)\Delta t$ (cast forward)
$A_{i\mathrm{j}}^{pq}(n\Delta t)(n=[_{\hat{2}}^{N+3}]\cdots, N_{t})$ ( $[a]$ $a$
) $t=n\Delta t$ 1
$N_{t}$
$\Delta t,$
$\cdots,$ $Nt\Delta t$ $\Delta t,$ $\cdots,$
$[ \frac{N+1}{2}]\Delta t$
$N_{m}\Delta t<[_{2}^{\underline{N}}\pm 1]\Delta t$
( Nm\Delta H )
1. $A_{1j}^{pq}.(n\Delta t)(n=1, \cdots, N_{m})$ $t=n\Delta t$
2. $A_{ij}^{\mathrm{p}q}(n\Delta t)(n=N_{m}+1, \cdots, [_{2}^{\underline{N}_{\mathrm{A}\mathrm{L}^{1}}}])$ $\varphi_{j}(oe^{q},\ell\Delta t)(1\leq\ell\leq N_{t}+1-n)$
. t=n\Delta \sim $A_{1j}^{pq}.(n\Delta t)$
$\varphi j(x^{q}, \ell\Delta t),$ $(1\leq\ell\leq n-1)$
$A_{1j}^{\mathrm{p}q}.(n\Delta t)$ $t=\{k(n-1)+1\}\Delta t$ ( $k$ $k(n-1)+1\leq N_{t}$ )
$\varphi_{j}(x^{q}, \ell\Delta t),$ $((k-1)(n-1)+1 \leq\ell\leq\min(k(n-1), N_{t}+1-n))$
$(\ell+n-1)\Delta t$
$A_{\dot{\iota}j}^{pq}(n\Delta t)(n=N_{m}+1, \cdots, 1_{2}^{\underline{N}}\pm 1])$ $[ \frac{N}{n}\frac{-1}{-1}]$
3. $A_{\dot{\iota}j}^{pq}(n\Delta t)(n=[^{\underline{N}\iota_{2}\mathrm{L}^{3}}], \cdots, N_{t})$ $\mathrm{I}\mathrm{J}$ $t$ $=n\Delta t$





1. $t=n\Delta t(n=1, \cdots, N_{m})$
i) $A_{1j}^{pq}.(n\Delta t)$
$\mathrm{i}\mathrm{i})$ $A_{\dot{\iota}j}^{pq}(\ell\Delta t)(1\leq\ell\leq n-1)$ $\varphi \mathrm{j}(oe^{q}, (n+1-\ell)\Delta t)$ .
$\varphi j(oe^{q},n\Delta t)$
2. $t=n\Delta t(n=N_{m}+1, \cdots, Nt)$






$\mathrm{i}\mathrm{i})$ $A_{\dot{*}j}^{\mathrm{p}q}(\ell\Delta t)(1\leq\ell\leq N_{m})$ $\varphi_{j}(x^{q}, (n+1-\ell)\Delta t)$
.
$\varphi_{j}(x^{q},n\Delta t)$







$\frac{t-(\ell-2)\Delta t}{\Delta t}$ $(\ell-2)\Delta t\leq t<(\ell-1)\Delta t$
$\frac{\ell\Delta t-t}{\Delta t}$ $(\ell-1)\Delta t\leq t<\ell\Delta t$
0 $t<(\ell-2)\Delta t,$ $t\geq\ell\Delta t$
$M_{\mathrm{t}\mathrm{r}\mathrm{i}}^{\ell}(t)= \frac{\ell\Delta t-t}{\Delta t}\}$
$M^{\ell}(t)=M\mathrm{t}\mathrm{r}\mathrm{i}’(t)$ -2J\Delta I iJ-I $(t)+M_{\mathrm{t}\mathrm{r}\mathrm{i}}^{\ell-2}(t)$ (5)
(5) $n\Delta t$ $A_{1j}^{\mathrm{p}q}.(n\Delta t)$




$A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}((n-1)\Delta t),$ $A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}((n-2)\Delta t),$ $A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}(n\Delta t)$
(6) $A_{ij}^{pq}(n\Delta t)$ (6) $n\Delta t$
$A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}((n-1)\Delta t),$ $A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}((n-2)\Delta t)$ $A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}(n\Delta t)$
$A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}(n\Delta t)$
$A_{ij}^{pq}(n\Delta t)$ $A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}(n\Delta t)$
$A_{\dot{\iota}j}^{pq}(n\Delta t)$ $\frac{1}{3}$
$A_{ij}^{pq}(n\Delta t)$ $uj(x^{q},\ell\Delta t),$ $\phi j(oe^{q}, \ell\Delta t)$
$A_{1j}^{pq}.(n\Delta t)\{\begin{array}{ll}u_{j}(x^{q} \ell\Delta t)-\varphi_{j}(x^{q} n\Delta t)\end{array}\}=A\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}(n\Delta t)\{\begin{array}{ll}u_{j}(x^{q} \ell\Delta t)-\varphi_{j}(x^{q} n\Delta t)\end{array}\}-2A\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}((n-1)\Delta t)\{\begin{array}{ll}u_{j}(x^{q} \ell\Delta t)-\varphi_{j}(x^{q} n\Delta t)\end{array}\}$






3 BIEM $D$ $a$ $S$
BIEM BIEM
CPU
($x_{3}$ ) $\mathrm{P}$ $\sigma \mathrm{a}s=p$
Poisson $\nu=0.25_{\text{ }}\Delta t=0.09a/c\tau$ 11
2680 ( 8040)
3 Fig. 4 Alpha
$\mathrm{E}\mathrm{V}67$ $(666\mathrm{M}\mathrm{h}\mathrm{z})$ CPU Compaq $512\mathrm{M}\mathrm{B}$
Fig. 1 BIEM 11
30 26 CPU BIEM $A_{jj}^{\mathrm{p}q}$
14 17
94
BIEM $A_{\mathrm{t}\mathrm{r}\mathrm{i}_{ij}^{pq}}$ 7 35
BIEM $l^{\tau}$
$N_{m}\Delta t$ l $N_{m}=6$ $N_{t}=11$
$N_{t}=30$
$7\Delta t$
(Nm=7) BIEM 446 4















$\Delta t$ $A^{pq}(\Delta t)$ ( BIEM (4) ) $A^{\mathrm{p}q}(\Delta t)$
source $S_{q}$ $\Delta t$ $x_{p}$ 0
Courant 1 1 $\Delta t$





$t=\Delta t$ $A^{pq}(\Delta t)$ $t=\Delta t$
‘SLAVE’ ‘MASTER’ ‘MASTER’








$N_{m}$ Table. 2 $\mathrm{F}_{\llcorner}^{-}$ Fig. 5 ‘ $\cross$ ’m
1 Fig. 5 $[]^{\vee}\llcorner‘+$ ’
CPU Alpha EV67 $(666\mathrm{M}\mathrm{h}\mathrm{z})$ Comp
$512\mathrm{G}\mathrm{B}$ Myrinet mpich 12. 4






$N_{m}$ Table. 3 Fig. 6 ‘ $\cross$ ’












Neumann (Fig. 7 $R_{2},$ $R_{3}$ )
$\mathrm{P}$ $c_{L}=6180(\mathrm{m}/\sec)_{\text{ }}\mathrm{S}$ $c\tau=3180(\mathrm{m}/\sec)_{\text{ }}\Delta t=0.075(\mu\sec)$
10766 $(\mathrm{D}\mathrm{O}\mathrm{F}:32298)$ 130
8 26mm $30\mathrm{m}\mathrm{m}$
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